The order Rhizobiales is a phenotypically heterogeneous assemblage within the a-2 subdivision of the phylum Proteobacteria [1] . The order Rhizobiales was divided into 10 families, Rhizobiaceae, Bartonellaceae, Brucellaceae, Phyllobacteriaceae, Methylocystaceae, Beijerinckiaceae, Bradyrhizobiaceae, Hyphomicrobiaceae, Methylobacteriaceae and Rhodobiaceae [2] [3] [4] [5] [6] . In addition to these families, new members Aurantimonadaceae, Xanthobacteraceae and Cohaesibacteraceae have also been described within the order Rhizobiales [3] [4] [5] . Recently, a novel family Roseiarcaceae has been reported in the order Rhizobiales with the type genus Roseiarcus [6] . Currently, the order Rhizobiales contains 14 families (www.bacterio.net/rhizobiales.html) with validly published names. Members of the order Rhizobiales are cosmopolitan in distribution. Most of the species have been isolated from soil, water and root nodules of leguminous plants [7] [8] [9] [10] [11] . This study describes strain E9
T isolated from pine forest soil at Kyonggi University (Suwon, Republic of Korea), during a study of antibiotic-producing bacteria from soil. On the basis of the results obtained from polyphasic characterization, E9
T represents a novel species of a novel genus within the order Rhizobiales. Additionally, we propose that the genera Pinisolibacter and Ancalomicrobium be allocated to the family Ancalomicrobiaceae fam. nov.
E9
T was isolated using six-transwell plates (Corning). A 3 g sample of sieved soil was placed on the bottom of each transwell plate and 3 ml R2A broth (KisanBio) was added to the transwell insert. After that, 1 ml of a soil suspension (1 g of soil in 9 ml R2A broth, thoroughly stirred and settled) was added into the insert. The transwell plate was incubated at 28 C for 2 weeks in a shaking incubator at 120 r.p.m. After 2 weeks, the culture was serially diluted and 100 µl of each dilution was spread on R2A agar (KisanBio) plates. Colonies were individually streaked on R2A agar plates until pure colonies were obtained. The pure colonies obtained on R2A agar plates were stored at 4 C and re-streaked every 3-4 weeks for short-term maintenance. For long-term preservation, cultures were stored at À70 C as suspensions in R2A broth supplemented with 20 % (v/v) glycerol [12] .
On the basis of 16S rRNA gene sequence similarities and phylogenetic analyses, Ancalomicrobium adetum DSM 4722 T , Kaistia adipata KACC 11818 T , 'Nitratireductor lucknowense' DSM 24322, Prosthecomicrobium hirschii ATCC 27832 T and Phreatobacter oligotrophus KACC 18590 T were selected as reference strains for comparative studies.
Genomic DNA was extracted using an InstaGene Matrix kit (Bio-Rad). The amplification of 16S rRNA gene was done by PCR using primers 27F and 1492R [13] . PCR products were purified with multiscreen-filter plate (Millipore). Then, purified PCR products were sequenced with an Applied Biosystems 3770XL DNA analyser using a BigDye Terminator cycle sequencing Kit v.3.1 (Applied Biosystems, Thermo Fisher Scientific). A nearly complete 16S rRNA gene sequence was assembled with SeqMan software (DNAS-TAR). The almost complete length of the 16S rRNA gene sequences for E9
T was 1426 bps. The closest phylogenetic neighbours were identified using the EzBioCloud database [14] and NCBI blast. All the 16S rRNA gene sequences of the closest relations for phylogenetic tree analysis were retrieved from GenBank and subjected to multiple sequence alignment using CLUSTAL X 2.1 [15] . After multiple alignments, gaps at the 5¢ and 3¢ ends were deleted using the software package BioEdit [16] . Phylogenetic trees were reconstructed using MEGA version 6.0 [17] by different treeing methods: neighbour-joining [18] , maximum-likelihood [19] , and maximum-parsimony [20] algorithms. During phylogenetic tree reconstruction evolutionary distances were calculated using the Kimura two-parameter model [21] . Bootstrap values were calculated based on 1000 replications [22] . In addition, 1496 bp of nucleotides were used to reconstruct phylogenetic trees. Preliminary comparisons with the 16S rRNA gene sequences in GenBank indicated that E9
T represented a member of the order Rhizobiales. T and other members of the order Rhizobiales were less than 92.1 %. These values are at the level suggested for allocating a strain to a novel family [23] . Phylogenetic analyses using maximum-likelihood (Fig. 1) , neighbor-joining and maximum-parsimony methods revealed that E9
T formed a monophyletic clade with Ancalomicrobium adetum DSM 4722
T . In contrast, Prosthecomicrobium hirschii 16 T formed a lineage with the clade of Ancalomicrobium adetum DSM 4722 T 
and E9
T with low bootstrap support in the maximum-likelihood tree ( Fig. 1 ) but was clustered with Phreatobacter oligotrophus PI-21
T in the neighbour-joining tree (data not shown). However, Prosthecomicrobium hirschii 16 T and Prosthecomicrobium pneumaticum MBIC3489 T were not clustered in all kinds of phylogenetic trees (neighbour-joining, maximum-likelihood and maximum-parsimony). Furthermore, high bootstrap values from phylogenetic trees (maximum-likelihood ( Fig. 1) , neighbour-joining and maximum-parsimony) support allocating the genera Pinisolibacter and Ancalomicrobium to the novel family in the order Rhizobiales.
The morphologies of cells of E9 T (Fig. S1 , available in the online version of this article) grown on R2A agar plates for 1-15 days at 28 C were observed by light microscopy (BX50 microscope, Olympus), and transmission electron microscopy (Bio-TEM, H-7650, Hitachi). Colony morphologies were observed on R2A agar plate after incubation at 28 C for 4 days using a Zoom Stereo Microscope (SZ61, Olympus). Gram-staining was carried out according to the procedure described by Doetsch [24] . Catalase activity was checked by using 3 % (v/v) hydrogen peroxide (H 2 O 2 ). Oxidase activity was tested using 1 % (w/v) tetra-methyl-p-phenylenediamine dihydrochloride. Motility testing was done in R2A medium containing 0.4 % agar. Growth was assessed on various media, including R2A agar (KisanBio), nutrient agar (NA; Oxoid), tryptone soya agar (TSA; Oxoid), sorbitol MacConkey agar (MA; Oxoid), marine agar 2216 (Becton), brain-heart infusion agar (BHI; Becton), veal infusion agar (Becton), and Luria-Bertani agar (LBA; Oxoid). Growth at various temperatures, 4, 10, 15, 20, 25, 28, 30, 32, 35, 37, 40, 41, 42, 45, 48 and 50 C, was determined on R2A agar plates for 7 days. The pH range for growth was determined at 28 C in R2A broth adjusted to pH 4-12 (at increments of 0.5 pH units) using citrate/NaH 2 PO 4 buffer (for pH 4.0-5.5), phosphate buffer (for pH 6.0-7.5), Tris buffer (for pH [8] [9] [10] [25] , and 5 M NaOH (for pH 10.5-12.0). Minor pH changes were observed when checked after autoclaving. Growth in NaCl was determined in R2A broth supplemented with NaCl (0-1 %, w/v, at 0.1 % intervals). Hydrolysis of Tween 80, Tween 60 and Tween 40 were assessed according to the method of Smibert and Krieg [26] . The methyl red and Voges-Proskauer (MR-VP) tests were conducted with MR-VP broth. Anaerobic growth was tested on R2A agar at 28 C for 10 days using the BD GasPak EZ Gas Generating Pouch System. Hydrolysis of chitin, carboxymethyl cellulose, hypoxanthine, xanthine, tyrosine, starch and casein were evaluated as previously described [26] . DNase assay was performed on DNase agar (Oxoid) by flooding 1 M HCl. Production of hydrogen sulphide and indole was assessed using sulphide indole motility medium (SIM; Oxoid). The presence of endospores was investigated by staining with malachite green. The presence of flexirubin-type pigment and carotenoid pigment were investigated as described previously [27] . Other physiological and biochemical tests were performed using API 20NE and API ID 32GN test kits (bioM erieux). Enzyme activities were examined using the API ZYM kit (bioM erieux) according to the manufacturers' instructions. Phenotypic differential features 
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Pleomorphomonas oryzae DSM 16300 T (AB159680) For the fatty acid analysis, cellular biomass was harvested from E9
T and other reference strains grown on R2A agar plates at 28 C for 2 days. Fatty acids were saponified, methylated and extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.0B). The fatty acids were analysed with a gas chromatograph (HP 6890 Series GC System, Hewlett Packard) and identified using the TSBA6 database of the Microbial Identification System [28] . The major cellular fatty acids of E9 T were summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c; 52.3 %), summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c; 25.2 %), and C 16 : 0 (11.5 %). The major fatty acids of Ancalomicrobium adetum DSM 4722 T were summed feature 8 (C 18 : 1 !7c and/ or C 18 : 1 !6c; 56.9 %), C 14 : 0 2-OH (13.9 %), C 16 : 0 (1.5 %), and summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c; 7.2 %). However, the absence of C 19 : 0 !8c cyclo, C 18 : 1 !6c 11-methyl and C 18 : 1 !7c 11-methyl; and the presence of summed feature 2 (C 12 : 0 aldehyde and/or unknown 10.928) and C 18 : 0 3-OH in minor amount indicated the characteristic differences among the members of closest families in the order Rhizobiales (Tables 2 and S1 ).
For polar lipid and quinone analyses cellular biomass was harvested from cultures of E9
T grown on R2A agar plates incubated at 28 C for 3 days. The polar lipids and quinones were extracted from freeze-dried cells according to the procedures described by Minnikin et al. [29] . Quinone was extracted with methanol-water (10 : 1 v/v; water containing 0.3 % sodium chloride) and petroleum ether at 80 C, evaporated under a vacuum, re-extracted with acetone, and analysed by HPLC [29, 30] . The polar lipids were analysed by two-dimensional thin layer chromatography (TLC) using chloroform/methanol/water (65 : 25 : 4; v/v/v) in the first dimension and chloroform/methanol/acetic acid/water (40 : 7.5 : 6 : 2, v/v/v/v) in the second. Appropriate detection reagents for two-dimensional TLC [29, 31] were used to identify the spots; molybdophosphoric acid (phosphomolybdic acid reagent, 5 % v/v solution in ethanol, Sigma-Aldrich) was used to detect total polar lipids, ninhydrin reagent (0.2 % solution, Sigma Life Sciences) was used to detect amino lipids, Zinzadze reagent (molybdenum blue spray reagent, 1.3 %; Sigma Life Sciences) was used to detect phospholipids, periodate-Schiff reagent was used to detect glycerolipids, and a-naphthol-sulphuric acid was used to detect glycolipids. The predominant isoprenoid quinone was Q-10 (98.0 %) with minor amounts of Q-8 (0.8 %) and Q-9 (1.2 %). The major polar lipids were diphosphatidylglycerol (DPG), phosphatidylcholine (PC), phosphatidylethanolamine (PE), phosphatidylglycerol (PG) and phosphatidyl-N-methylethanolamine (PME). In addition, three unidentified polar lipids (L1-L3) were also detected in moderate amounts (Fig. S2) . The major respiratory quinone of Ancalomicrobium adetum DSM 4722 T was Q-10. The major polar lipids of Ancalomicrobium adetum DSM 4722 T were phosphatidylethanolamine (PE), phosphatidylcholine (PC), phosphatidylglycerol (PG) and diphosphatidylglycerol (DPG). In addition, two unidentified polar lipids were also detected (Fig. S3 ).
For determination of DNA G+C content, genomic DNA of E9 T and Ancalomicrobium adetum DSM 4722 T were extracted according to method presented by Wilson [32] . DNA G+C content was determined according to the procedure described by Mesbah et al. [33] . The DNA G+C contents of E9 T and Ancalomicrobium adetum DSM 4722 T were 68.4 and 70.4 mol%, respectively.
E9
T was able to grow at 45 C, to grow well under anaerobic conditions, non-motile, oxidase-positive, catalase-negative, and able to ferment glucose. E9
T was sensitive to salt concentration and tolerated only 0.2 % of NaCl (w/v). These characteristics along with other physiological and chemotaxonomic results clearly differentiate E9
T from other reference strains (Tables 1 and S1 ). The predominant isoprenoid quinone was Q-10. The polar lipids of E9 T were PE, PME, PC, PG, DPG, and unidentified polar lipids, which characteristically differentiated E9
T from other recognized families 
DNA G+C content (mol%) 68.4 70.4 (67.7) (62.4) (67.9-69.9) (68.9) (Fig. S2 , Table S1 ). The members of the genus Ancalomicrobium displayed prosthecae, whereas E9 T did not possess prostheca. In addition, the genus Ancalomicrobium contained C 14 : 0 2-OH (13.9 %) as one of the major component of fatty acids, which was completely absent in E9
T . E9 T contained summed feature 2 (C 12 : 0 aldehyde and/or unknown 10.928) which was completely absent in Ancalomicrobium adetum DSM 4722 T (Table 2) . Furthermore, the major polar lipid PME was present in E9
T but absent in Ancalomicrobium adetum DSM 4722 T (Figs S2 and S3 ). These characteristics indicated that E9
T and Ancalomicrobium adetum DSM 4722
T represented members of different genera.
T and Ancalomicrobium adetum DSM 4722 T could be differentiated from other members of the order Rhizobiales by using several phenotypic, biochemical and chemotaxonomic properties, such as positive anaerobic growth, fermentation of glucose, being negative for nitrate reduction and nonmotile. Absence of major fatty acids C 19 : 0 !8c cyclo, C 18 : 0 , and C 18 : 1 !6c 11-methyl could considered as a distinguishing characteristics for the novel family. In addition, other members of the order Rhizobiales contained Q-8, Q-9, Q-11, RQ-10, MK-8, MK-10, and MK-9(H 4 ) as major components of respiratory quinones which were not detected in E9
T and Ancalomicrobium adetum DSM 4722 T (Table S1 ). E9
T and Ancalomicrobium adetum DSM 4722 T were facultatively anaerobic, non-motile, oxidase-positive and glucose fermenting. Both strains contained Q-10 as the major isoprenoid quinone. Common fatty acids were summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c), summed feature 3 (C 16 : 1 !7c T formed a clade with strong bootstrap support in all types of phylogenetic trees (neighbor-joining, maximum-likelihood and maximum-parsimony) which supports allocating them to a same family.
On the basis of the distinct phylogenetic, phenotypic, biochemical and chemotaxonomic data presented in this study, E9
T cannot be assigned to any previously recognized bacterial taxa and therefore, we propose that E9
T represents a novel species in a novel genus, Pinisolibacter ravus gen. nov., sp. nov., within a novel family, Ancalomicrobiaceae fam. nov. The type species is Pinisolibacter ravus. The G+C content of the genomic DNA of type strain of the type species is 68.4 mol%.
DESCRIPTION OF PINISOLIBACTER RAVUS SP. NOV.
Pinisolibacter ravus (ra¢vus. L. adj. ravus, pale yellow, referring to the colour of the colonies).
In addition to the properties given for the genus, cells are 2.4-3.6 µm long and 0.9-1.8 µm wide. Grows well on R2A and poorly on veal infusion while no growth is observed on TSA, NA, marine agar, MA, LBA, BHI and PDA. Colonies on R2A are straw coloured. After incubation on R2A agar for 4 days at 28 C, the size of the colonies was 1-2 mm in diameter. Colonies are circular, elevated, convex, entire, translucent and smooth. Cells grow at C (optimum, 28-32 C) and pH 5.0-10.0 (optimum pH, 6.5-8.5). Cells grow optimally in the absence of NaCl but tolerate up to 0.2 %. Aesculin ferric citrate is hydrolysed but gelatin is not liquefied. Tween 40, Tween 60, Tween 80, starch, tyrosine, casein, DNA, CM-cellulose, chitin, xanthine and hypoxanthine are not hydrolysed. The type strain shows the following enzyme activities: positive for alkaline phosphatase, esterase lipase (C8), leucine arylamidase, valine arylamidase, trypsin, acid phosphatase, naphthol-AS-BIphosphohydrolase, a-glucosidase, and b-glucosidase, weakly positive for esterase (C4) and cystine arylamidase and negative for lipase (C14), a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. The following substrates are assimilated: D-glucose, sucrose, L-arabinose, L-proline, 3-hydroxybutyric acid and valeric acid.
The type strain of Pinisolibacter ravus is E9
T (=KEMB 9005-534 T =KACC 19120 T =NBRC 112686 T ), was isolated from pine forest soil from Kyonggi University, Suwon, GyeonggiDo, South Korea. The DNA G+C content of the type strain is 68.4 mol%.
DESCRIPTION OF ANCALOMICROBIACEAE FAM. NOV.
Ancalomicrobiaceae (An.ca.lo.mi.cro.bi.a.ce¢ae. N.L. neut. n. Ancalomicrobium, type genus of the family; -aceae ending to denote a family; N.L. fem. pl. n. Ancalomicrobiaceae the Ancalomicrobium family).
Cells are Gram-staining-negative, non-spore-forming, facultatively anaerobic, and non-motile. The major respiratory quinone is Q-10 and the fatty acid profile contains summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c), C 16 : 0 and summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c) as important characteristic components. The major polar lipids are PE, PC, PG and DPG. The family belongs to the phylum Proteobacteria, class Alphaproteobacteria, order Rhizobiales. The type genus is Ancalomicrobium Staley, 1968.
EMENDED DESCRIPTION OF THE GENUS ANCALOMICROBIUM STALEY 1968
The description of the genus is given by Staley [34] , with the following emendation. The major fatty acids are summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c), C 14 : 0 2-OH, C 16 : 0 and summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c). The major polar lipids are phosphatidylethanolamine (PE), diphosphatidylglycerol (DPG), phosphatidylcholine (PC), and phosphatidylglycerol (PG) (Fig. S3) . Ubiquinone-10 (Q-10) is main isoprenoid quinone. The DNA G+C content is 70.4 mol%. 
